Obesity is a significant global health problem. It results in a higher incidence of complications for pregnant women and their neonates. Cesarean deliveries are more common in obese parturients as well. The increased burden of comorbidities seen in this population, such as obstructive sleep apnea, necessitates antepartum anesthetic consultation. These patients pose unique challenges for the practicing anesthesiologist and may benefit from optimization prior to delivery. Complications from anesthesia and overall morbidity and mortality are higher in this population. Neuraxial anesthesia can be challenging to place in the obese parturient, but is the preferred anesthetic for cesarean delivery to avoid airway manipulation, minimize aspiration risk, prevent fetal exposure to volatile anesthetic, and decrease risk of post-partum hemorrhage from volatile anesthetic exposure. Monitoring and positioning of these patients for surgery may pose specific challenges. Functional labor epidural catheters can be topped up to provide conditions suitable for surgery. In the absence of a working epidural catheter, a combined spinal epidural anesthetic is often the technique of choice due to relative ease of placement versus a single shot spinal technique as well as the ability to extend the anesthetic through the epidural portion. For cesarean delivery with a vertical supraumbilical skin incision, a two-catheter technique may be beneficial. Concern for thromboembolism necessitates early mobilization and a multimodal analgesic regimen can help accomplish this. In addition, thromboprophylaxis is recommended in this population after delivery-especially cesarean delivery. These patients also need close monitoring in the post-partum period when they are at increased risk for several complications.
Introduction
Obesity continues to affect the general population worldwide, and its impact on the maternal-fetal unit represents a significant global health problem. In the United States, it is estimated that more than half of all pregnant women are obese. 1 The World Health Organization uses the body mass index (BMI) to stratify individuals into the following classes: normal BMI 18.9-24.9 kg/m 2 ; overweight BMI 25-29.9 kg/m 2 ; and obese BMI > 30 kg/m 2 . 2 Obesity is further sub-classified as class 1 for BMI 30-34.9 kg/m 2 , class 2 for BMI 35-39.9 kg/m 2 , and class 3 for BMI > 40 kg/m 2 . 2 The following classification system also exists for individuals with class 3 obesity: morbid obesity applies to BMI 40-49.9 kg/m 2 ; super obesity to BMI 50-50.9 kg/m 2 ; and super-super obesity for BMI ≥ 60 kg/m 2 . 3 There is currently no alternate obesity classification for parturients, although some groups have suggested using cut-off values 5 kg/m 2 higher during pregnancy. 4 Obesity is a systemic disease associated with multiple comorbidities (Table 1) , and a higher risk of obstetric and peripartum complications ( Table 2 ). Obesity has been associated with prolonged labor 5 that is associated with complications for both mother and fetus. Obese parturients are also at an increased risk of requiring a cesarean delivery. Tabet et al 6 examined 121,092 nulliparous women stratified by pre-pregnancy BMI and reported an odds ratio (95% confidence interval) for cesarean delivery of 1.50 (1.41, 1.59) for overweight women and 2.06 (1.91, 2.21) for obese women. Other large cohorts have reported similar findings. 7, 8 In 1993, Hood et al 9 examined obstetric and anesthetic outcomes in obese parturients compared with their nonobese counterparts. They reported a higher rate of cesarean delivery, higher rates of initial epidural failure, and increased rates of postoperative complications. A study in 2015 by the same group reported that morbidly obese parturients were still more likely to undergo cesarean delivery, have longer first stage of labor, higher fetal weights, and an increased risk of neuraxial failure together with longer neuraxial procedure times. 4, 10 Several studies have reported an increased risk of maternal death for obese parturients. Schellpfeffer et al reviewed all pregnancy-related deaths in Wisconsin between 2006 and 2010 and showed that 76% of maternal deaths occurred in overweight or obese women. 11 A review of maternal deaths in California from 2002 to 2005 also found that women who died were more likely to be obese or morbidly obese. 12 Similarly, the United Kingdom's confidential inquiry into maternal deaths showed that the majority of women who died from 2003-2013 were overweight or obese. 13, 14 Obesity has also been implicated as a factor in anesthesia-related maternal deaths. The last three reports from the Confidential Enquiries into Maternal Deaths in the United Kingdom concluded that six of the 17 women who died due to anesthesia-related complications were obese. [13] [14] [15] In the United States, Mhyre and colleagues 16 reviewed anesthesia-related mortality between 1985-2003 in Michigan and found that six of the eight women that died were obese.
In this chapter, we will discuss considerations for predelivery planning, anesthetic techniques for vaginal and cesarean delivery with a focus on neuraxial techniques, and postpartum care to optimize the care and safety of the obese parturient.
Anesthetic Consultation And Pre-Delivery Planning
Professional medical societies in both the United States and United Kingdom recommend a multidisciplinary approach to the management of obese parturients. 17, 18 The published recommendations from the Royal College of Obstetricians and Gynaecologists (RCOG) in conjunction with the Centre for Maternal and Child Enquiries and the American College of Obstetricians and Gynecologists (ACOG) include preconception counseling, screening for obesity using BMI, monitoring BMI throughout pregnancy, and implementing stringent limits for weight gain during pregnancy. Both RCOG and ACOG further recommend a formal anesthesia consultation for obese women, with the RCOG specifying that this applies to those with class 3 obesity in the third trimester. 17 The anesthetic consultation provides an opportunity to obtain a thorough medical history and to screen for comorbidities. This time is well-spent conducting a comprehensive physical exam that includes a pulmonary and cardiovascular exam, as well as an airway exam. The obstetric anesthesiologist may use this visit to discuss anesthetic options for labor analgesia, as well as cesarean delivery and to elicit any history of difficult neuraxial placement or difficult airway. The parturient should be counseled that neuraxial analgesia placement may be challenging. For this reason, it is important to emphasize that these patients should plan to request neuraxial analgesia early in labor to allow sufficient time for placement and confirmation of block efficacy and reliability, and to decrease the risk of needing general anesthesia for an emergency cesarean delivery. This meeting should also be conducted early enough in pregnancy to allow for additional screening if warranted, such as screening for obstructive sleep apnea (OSA), and optimization of any maternal comorbidities.
Obesity is an important risk factor for OSA. 19 One recent prospective study of late second and third trimester parturients with BMI ≥ 40 kg/m 2 reported an OSA prevalence of 24%, 20 whereas OSA is much less common in the general pregnant population with an 8% third-trimester prevalence reported in one recent large prospective study. 21 Several studies suggest that OSA is associated with adverse pregnancy outcomes, particularly hypertensive disorders of pregnancy and gestational diabetes. 21, 22 OSA screening tools validated in non-pregnant populations have not been shown to be useful in several cohorts of pregnant women. 20, 23 However, some studies suggest that advanced maternal age, morbid obesity, chronic hypertension, and loud, frequent snoring are important risk factors for OSA in pregnancy. 20, 21, 23, 24 Anesthetic Considerations For Labor Analgesia Neuraxial techniques are preferred for women undergoing delivery by any mode-this is especially true for the obese parturient. In the obese parturient, the placement of a wellfunctioning epidural catheter is one of the safest methods of providing labor analgesia. In addition to providing good pain relief, labor epidural analgesia can be converted to surgical anesthesia if a need for cesarean delivery arises. In addition, given the increased risk of fetal macrosomia, a well-functioning epidural catheter can be helpful in the management of a shoulder dystocia. Therefore, regular assessment of the labor epidural catheter is paramount to ensure that the block can be reliably extended to provide adequate surgical anesthesia if needed. When evaluating the epidural block, one that fails to achieve a sensory level of T10 or one that requires frequent top-ups may not ultimately allow for surgical anesthesia. 25 As such, any epidural catheter that is not providing adequate labor analgesia should be replaced early to minimize the risk of failure should a cesarean delivery be required. Furthermore, obese parturients with OSA are likely to be more sensitive to the respiratory depressant of intravenous opioids if used for labor analgesia.
In addition to epidural analgesia, other neuraxial options for labor analgesia include combined spinal epidural (CSE), dural puncture epidural or continuous spinal technique.
CSE provides rapid onset of dense labor analgesia. However, one concern with the CSE technique is the "untested catheter." In this scenario, the epidural catheter is not tested or used until the spinal component of the CSE wears off, leaving the possibility that the epidural catheter may fail to provide adequate anesthesia if a need for a cesarean delivery arises in this high-risk patient population. Multiple studies, however, suggest that the epidural failure rate when placed as part of a CSE technique is lower than that of a straightforward continuous epidural technique, as obtaining cerebrospinal fluid (CSF) through the spinal needle acts an additional confirmation that the epidural space has been reached. 26, 27 Furthermore, detection of an inadequate epidural catheter was not delayed with a CSE technique compared with a straight epidural technique in one study. 28 An alternative technique to CSE in the obese parturient is the dural puncture epidural (DPE) technique. This technique is similar to a needle through needle CSE technique, except that after puncturing the dura with the spinal needle, no intrathecal medications are given, and all medications are given through the epidural catheter. A study by Chau and colleagues 29 reported less asymmetric block with the DPE compared with the epidural technique, as well as less pruritus, hypotension, tachysystole and category II fetal heart tracing with the DPE compared with the CSE technique. Furthermore, return of CSF through the spinal needle confirms correct placement of the epidural needle, which is valuable in the obese parturient. Further studies confirming those findings in the obese parturient are warranted.
Continuous spinal labor analgesia may be considered: either unplanned following an inadvertent dural puncture; or electively. Elective use of this technique for labor analgesia is limited by the risk of post-dural puncture headache (PDPH) since it is usually performed using a 17 or 18 gauge Tuohy needle, given that smaller gauge spinal catheter over the needle kits are not widely available. Some authors do argue that obesity may actually have a protective effect against the development of PDPH. 30 This may be related to increased intraabdominal pressure and the presence of engorged epidural veins and fat that may tamponade CSF leak. 31 However, studies that have investigated the risk of PDPH in obese parturients have reported inconsistent results. A retrospective study by Miu et al 32 did not show a difference in the incidence of PDPH between patients with BMI less than or greater than 30kg/m 2 . In contrast, a larger study by Peralta and colleagues suggested that obese patients (defined as BMI > 31.5kg/m 2 ) were less likely to develop PDPH following inadvertent dural puncture with a Tuohy needle compared to those with lower BMI. 33 A separate retrospective analysis concluded that the risk of PDPH was lower in parturients with BMI ≥ 50 kg/m 2 following dural puncture compared to those with BMI < 50 kg/m 2 , but the risk was not reduced in those with BMI 30-39.9 kg/m 2 or 40-49.9 kg/m 2 compared to those with BMI <30 kg/m 2 . 34 It is important to note, however, that in the studies that reported a reduced risk of PDPH with obesity, 33,34 between 40-45% of obese patients still suffered PDPH. Continuous spinal anesthesia can also be achieved using a catheter over needle technique where a 22-24 gauge catheter is advanced over a 27-or 29-gauge Quincke needle, respectively, into the intrathecal space. This particular method has been reported to have a failure rate ranging from 9% to 24%, 35, 36 and has not been specifically evaluated in morbidly obese parturients. Another continuous spinal set available is the Wiley spinal catheter over the needle system, which consists of a flexible 23-gauge intrathecal cannula over a 27-gauge pencil-point spinal needle. Experience with this system is limited, and not specific to the obese patient population. 37, 38 
Anesthetic Considerations For Cesarean Delivery
Neuraxial anesthesia is the preferred anesthetic for cesarean delivery. Surgical anesthesia for cesarean delivery may be accomplished using several neuraxial techniques: single-shot subarachnoid block (spinal); CSE; epidural; continuous spinal; or a double catheter technique (lumbar and thoracic catheters). General anesthesia is associated with more complications in the obese parturient, but may be necessary in emergencies or where a neuraxial technique is not feasible or contraindicated.
Single-Shot Spinal Anesthesia
There are many benefits to a single-shot spinal anesthetic technique for cesarean delivery. It produces a block that is dense, quick in onset, reliable, yields optimal surgical conditions with high level of patient comfort, and reduces the need for sedating analgesic adjuncts. 39 Despite the benefits of this anesthetic technique, it does have limitations for morbidly-obese parturients. The primary consideration for this technique is the time-limited nature of the block. In the morbidly obese parturient, more time is required to position the patient as well as perform a cesarean delivery relative to a non-obese patient, 40 therefore a continuous neuraxial technique is preferred. Another important concern when using this technique is the difficulty in block placement, particularly when using a 25-27 gauge pencil point spinal needle in a parturient with excessive truncal adipose tissue. The identification of the epidural space with the larger Tuohy needle is technically easier in an obese patient as it provides greater tactile feedback to the practitioner. The Tuohy needle then acts as an introducer for the spinal needle and facilitates identification of the intrathecal space using a needle through needle CSE technique. Ross et al 41 reported that use of a CSE technique resulted in fewer attempts to identify the intrathecal space compared to the standard single-shot spinal technique in obese women undergoing cesarean delivery.
Combined-Spinal Epidural Anesthesia
A CSE technique combines the desirable features of a single-shot spinal technique with the ability to extend the block duration through the epidural catheter. 40 Because operative times are often longer for obese parturients and CSE can be easier to place, CSE is the technique of choice for elective cesarean delivery in this population. It also allows for the administration of a lower spinal dose and titration of the anesthetic level using the epidural catheter, when a lower dose might be warranted such as in super obese parturients or those with cardiac disease. Extending the block can be accomplished using epidural saline (the epidural volume expansion technique) or additional local anesthetic. The epidural volume expansion technique, however, has not been specifically evaluated in the morbidly obese parturient and its effects may be less predictable. 42 Taylor et al Dovepress submit your manuscript | www.dovepress.com DovePress Local and Regional Anesthesia 2019:12
Continuous Spinal Anesthesia
A continuous spinal technique has several advantages: it allows for the gradual titration of a dense block to a desired cephalad level while monitoring hemodynamics and respiratory status; it minimizes the risk of a total spinal anesthetic; and it allows extension of block duration. 43 The use of this technique has been advocated by some for emergency cesarean delivery in the obese parturient as it may be a more efficient way to locate the intrathecal space when compared to a smaller spinal needle or a combined spinal epidural technique. 44 Routine use of this technique is however limited by the increased risk of PDPH as previously described.
Double Catheter Technique
Due to technical challenges when using a Pfannenstiel incision in patients with a large pannus, surgeons will occasionally perform a cesarean delivery using a supraumbilical vertical midline incision. This surgical technique can increase the risk of postoperative respiratory compromise as a result of pain and diaphragmatic splinting. The use of the double catheter technique has been described for super obese parturients who underwent cesarean delivery using a high vertical midline incision. The first report using this double catheter technique described a parturient with a BMI of 76 kg/m 2 who had a lumbar CSE placed for intraoperative anesthesia and a low thoracic epidural catheter used for postoperative pain management. 45 A 2015 case series reported the use of a low thoracic epidural catheter combined with a continuous lumbar spinal catheter in three super obese parturients (BMI 73-95 kg/m 2 ) who had high vertical midline incisions for cesarean delivery. 43 The lumbar spinal catheter was used to titrate the surgical block, and the thoracic epidural catheter was used for postoperative analgesia. 43 Of note, in one of the three parturients, adequate surgical anesthesia at the upper end of the incision could only be obtained after bolusing the thoracic epidural catheter. This suggests that the thoracic epidural catheter could be useful for intraoperative anesthesia as well as postoperative analgesia with this technique.
General Anesthesia For Cesarean Delivery
While neuraxial anesthesia is preferable for a cesarean delivery, general anesthesia is sometimes necessary when maternal or fetal condition iscritical, or technical difficulty or patient refusal prohibit placement of a neuraxial anesthetic.
Following induction of general anesthesia, rapid desaturation occurs during the apneic period secondary to decreased functional residual capacity combined with increased oxygen consumption in obese parturients. Adequate preoxygenation is critical for these patients. This can be achieved using 3 mins of tidal volume breathing or 8 deep breaths in 1 min with 100% oxygen. 46 The anesthesia provider should also use a nasal cannula insufflating oxygen at 5L/min during intubation to prolong the time to desaturation. 46 Proper positioning in order to optimize the laryngoscopic view can assist in securing the often-difficult airway in the parturient. The ramped position improves the laryngoscopic view compared to the traditional sniffing position, 47 and can be achieved by elevating the head of an obese patient above the shoulders by reconfiguring the operating room table or by using blankets under the upper body. 48 Despite the most careful positioning, some patients remain difficult to intubate or mask ventilate. Multiple providers should therefore be available since it may require two hands to perform an adequate jaw thrust maneuver, and the additional personnel can assist with positive-pressure ventilation and cricoid pressure. A video-laryngoscope should be immediately available, with strong consideration to using it for all intubations in obese parturients 49 Practitioners should be prepared to deal with a challenging airway in this patient population as guided by the guidelines developed by the Obstetric Anesthetists Association and the Difficult Airway Society for the management of difficult and failed intubations in the obstetric patient. 49 The dosing of induction agents in the obese parturient should be based on ideal body weight rather than actual body weight. 50 Thoughtful attention regarding the dose of neuromuscular blocking agents is also warranted. A 2006 study sought to identify the dose of succinylcholine that provided ideal intubating conditions in non-pregnant obese patients comparing doses of 1 mg/kg of ideal body weight, lean body weight, and total body weight, concluding that the third regimen was superior for providing optimum intubating conditions. 51 Alternatively, rocuronium may be given to provide adequate intubating conditions at a dose of 1-1.2 mg/kg of ideal body weight. 52 Sugammadex, a cyclodextrin, can be used to reverse neuromuscular blockade induced with rocuronium or vecuronium in as little as two minutes. 53 However, at this time it has not been studied in parturients though its use has been documented with no ill effect to mother or fetus 54 but the ideal dose has yet to be established.
Emergence and tracheal extubation after general anesthesia represent a period where undivided attention of the anesthesiologist is required. Deaths have been reported during this vulnerable time in the obese parturient attributed to hypoventilation and airway obstruction. 16 It is critical to ensure the patient is fully awake with complete neuromuscular blockade reversal prior to tracheal extubation. Keeping the head of the bed elevated during this period will serve to optimize respiratory dynamics.
Technical Considerations General Operating Room Protocols
Operating room tables come with maximum weight standards. The team should be aware of the weight limits of these tables and gurneys and have plans in place to obtain equipment which will appropriately hold the patient. In addition, some surgical tables have weight variance based on orientation. The placement of table extenders can assist in supporting some redundant tissue and may be necessary to prevent skin or tissue injury of the parturient.
When a laboring parturient presents to the operating room for cesarean delivery, assistance is often required to move the patient from the laboring bed to the operating table. The difficulty in safely getting an obese parturient to the operating room table may be compounded in the presence of a neuraxial blockade. This movement represents a potential risk of injury to both the patient and the staff assisting in this transition. Some of this risk can be mitigated with the use of an airinflated mat to assist in moving the patient as well as adequate help available to move the patient carefully.
Finally, when actually performing the cesarean delivery, the abdominal girth and panniculus in the obese may result in suboptimal surgical visualization. Therefore, retraction of the panniculus is often performed to optimize surgical exposure. This could be achieved using cephalad retraction and fixation of the panniculus using tape or commercially available retraction tape devices. It is crucial to carefully monitor the hemodynamics and respiratory status following cephalad retraction, as there has been a report of fetal death associated with protracted hypotension following powerful cephalad retraction of a panniculus for cesarean delivery. 55 Alternately, angled suspension has been described to minimize the hemodynamic and respiratory consequences of cephalad retraction. 56 
Monitoring Equipment
The American Heart Association recommends that the width of the noninvasive blood pressure cuff's compression bladder should not exceed 40% of the upper arm circumference or 80% of its length. 57 In obese women, the upper arm is often conical in shape, which prevents noninvasive blood pressure cuffs from fitting correctly. When ill-fitting blood pressure cuffs are used, the result is not only patient discomfort and possible skin or soft tissue damage, but also inaccurate readings. 58 Therefore, blood pressure cuffs are sometimes placed on the forearm to avoid this issue. Forearm measurement correlates well with upper arm measurement, but exceeds it by 10 mmHg on average. 59 This led to the development and validation of a conically-shaped noninvasive blood pressure cuff for obese patients designed for the forearm, and it has been reported to correlate with arterial blood pressure measurements. 60 In some morbidly obese parturients at high risk for cardiac or bleeding complications, practitioners may prefer to monitor blood pressure continuously. Multiple devices are available that provide continuous, non-invasive blood pressure readings, though their accuracy in patients with obesity is not well characterized. 58 Invasive arterial blood pressure monitoring remains an attractive alternative when non-invasive devices are not available or not reliable. A recent study examined the use of invasive arterial blood pressure monitoring compared to a noninvasive method of continuous blood pressure monitoring and found that the accuracy and precision of the noninvasive methods was good for mean and diastolic pressure measurements, but only moderate for systolic blood pressure. 61 
Spinal And Epidural Needles
In the majority of obese parturients, neuraxial anesthesia can be successfully performed using epidural and spinal needles of standard length. 44 However, the distance from the skin to the epidural space is increased with a greater BMI due to a thicker subcutaneous layer. 62 Because of this, longer epidural and spinal needles may be required and should be available. However, control of those long needles might be more difficult than standard length needles. Therefore, even in the morbidly obese parturient, our practice is to begin neuraxial placement using the standard-length needles and only transition to the longer set when assured the length of the needle is the only barrier to reaching the epidural space. Another approach is to use neuraxial ultrasound to estimate the distance from the skin to the epidural space to inform needle choice. Estimates of the epidural space depth with neuraxial ultrasound are often useful, but should consider the compression of the subcutaneous skin layer with the ultrasound probe to obtain clear images at greater depths. 
Identification Of Neuraxis: Conventional Methods And Ultrasonography
Positioning obese parturients for neuraxial anesthetic placement can be challenging due to body habitus, but good positioning is crucial to optimize block placement. Adequate personnel and positioning devices, where available, are important to optimally and safely position the obese parturient while the neuraxial anesthetic is being placed. While neuraxial blocks can be placed in both the sitting and lateral positions, in the obese parturient the sitting position confers the highest probability of success. The sitting flexed position minimizes the distance between the skin and epidural space relative to the lateral position. 62 Additionally, obese parturients may have lateral fat pads that could obscure the midline in the lateral position. Also, the 7th cervical vertebra prominence and the gluteal cleft landmarks are easier to identify in the seated position. Despite this, subcutaneous adipose tissue can make palpation of traditional landmarks difficult. 63 One study in non-pregnant patients reported difficulty identifying spinous processes by palpation in 68% of obese nonpregnant patients versus only 5% of those with a normal BMI. 64 Neuraxial ultrasound can be used to facilitate identification of the midline, as well as to estimate the depth from the skin to the epidural space. Balki et al 65 reported a strong correlation between the predicted depth of the epidural space with ultrasound and the physical distance as measured by the Tuohy needle during epidural placement. However, they noted a tendency of the ultrasound to underestimate epidural space depth as that distance increased, possibly due to the compression of subcutaneous tissue by the ultrasound probe. Ultrasound use was shown to reduce the number of attempts required to successfully place a spinal anesthetic for obese parturients undergoing cesarean delivery. 66 The use of ultrasound was also shown to reduce epidural needle redirections, as well as the risk of a failed epidural catheter. 65 However, as BMI increases, optimal image quality may be difficult to obtain due to increased thickness of the subcutaneous tissue. 67 While most studies utilize ultrasound to facilitate a midline neuraxial approach, 65-67 a separate study found that a pre-procedure ultrasound may produce better image acquisition in the paramedian sagittal oblique plane when compared to the midline plane in obese parturient. 68 
Dosing Of Neuraxial Local Anesthetics
Compared to their nonpregnant counterparts, pregnant women require a reduced dose of intrathecal bupivacaine. 69 This dose reduction is due to increased spread of intrathecal local anesthetics as a result of epidural venous engorgement and alteration in neural tissue permeability to local anesthetics secondary to the hormonal changes in pregnancy. 70 Obese parturients may require even lower local anesthetic doses, although this is the subject of ongoing debate. Studies using magnetic resonance imaging have demonstrated a reduced lumbar CSF volume in the obese as well as an inverse correlation between lumbar CSF volume and the cephalad extension of the block. 71, 72 The gravid uterus and abdominal panniculus are thought to cause caval compression resulting in epidural vein engorgement and increased abdominal pressures displacing soft tissues through the intervertebral foramina ultimately decreasing CSF volume and possibly increasing CSF pressure. The theoretical concerns that local anesthetics administered in the CSF may spread higher in obese women and increase the risk of high spinal block in an already high risk patient have led some to advocate for a reduction in spinal local anesthetic doses in the obese parturient. 44, 73, 74 However, a number of studies do not support these concerns. In fact, two separate studies found no correlation between height, weight, or BMI and the height of block achieved with spinal anesthesia when using a standard 12 mg dose of bupivacaine for cesarean delivery (BMI 22-36 kg/m 2 ). 75, 76 In these studies, morbidly obese patients were not specifically evaluated. Lee et al 69 conducted a study examining the dose requirements for bupivacaine in obese and non-obese parturients and reported the 95% effective dose (ED95) to be similar between the two groups. Two studies from the same institution and utilizing the same methodology also reported no difference in the ED50 and ED95 of hyperbaric spinal bupivacaine for cesarean delivery in morbidly obese parturients when compared to their nonobese counterparts. 77, 78 It should be noted however, that data on the actual cephalad spread of a spinal block in the super obese are limited. A retrospective study by Lamon et al suggested no risk of increased cephalad spread of a standard spinal local anesthetic dose (10.5-12 mg) until the BMI exceeded 50 kg/m 2 . 79 Those findings were confirmed in a prospective study reporting higher block level by an average of two dermatomes, and longer time to block regression, in obese parturients with a mean BMI of 51 kg/m 2 compared to non-obese parturients following spinal anesthesia with 10 mg hyperbaric bupivacaine. 80 There were however no significant differences in vasopressor requirements, hand grip strength or peak expiratory flow rate between the groups in this small study with 25 patients per group. Data regarding dosing of epidural catheters for labor analgesia in the obese parturients are limited. An up-down sequential allocation study reported that obese parturients required a significantly lower dose of bupivacaine for initiating labor epidural analgesia compared to non-obese parturients. 81 On the other hand, other studies suggested minimal or no impact of body weight on the dosing requirements for labor analgesia, 82, 83 although obese patients were not specifically studied.
Postpartum Care Postpartum Complications
Obese parturients are at increased risk for a number of postpartum complications: wound complications; urinary tract infection; peripheral nerve injury; venous thromboembolism; respiratory complications; sepsis, myocardial infarction, and death. 44 Respiratory depression is of particular concern in patients with morbid obesity. Mhyre et al 16 reported obesity as a risk factor for the development of hypoventilation and airway obstruction during anesthesia emergence and in the post-operative phase of care. As discussed previously, obesity is a well-known risk factor for OSA. Providers should consider the post-operative monitoring needs of a patient with OSA and triage patients to the appropriate setting. 84 
Analgesia
Because early mobilization reduces the risk of deep venous thrombosis, pulmonary embolism, and respiratory complications, adequate post-delivery analgesia in the obese parturient is crucial. After cesarean delivery, neuraxial morphine has a superior analgesic profile when compared to either oral or intravenous opioids although it does carry an increased risk of pruritus and nausea. 85, 86 Concern remains as to whether obese parturients may be at increased risk of opioid-induced respiratory depression from neuraxial morphine, but limited data exist. A large systematic review conducted in 2018 found the lowest and highest range of clinically significant respiratory depression to be 1.08 (95% CI, 0.24-7.22) and 1.63 (95% CI, 0.62-8.77)per 10,000, respectively. 87 A retrospective review of over 5,000 parturients who received neuraxial morphine for post-cesarean analgesia did not show any need for naloxone administration or the involvement of the rapid response team for the management of respiratory depression. The study population included 2,283 obese (class I and II) and 886 morbidly obese (class III) parturients. 88 Based on these findings and in accordance with guidelines from the ASA, the Society of Obstetric Anesthesia and Perinatology, and the American Society of Regional Anesthesia and Pain Medicine, we continue to use neuraxial morphine in this patient population in conjunction with appropriate monitoring. 89, 90 When neuraxial morphine is contraindicated due to allergy or intolerance, intravenous patient-controlled analgesia may be used cautiously in a setting where patients can be monitored closely for sedation and respiratory depression. The concurrent use of other sedating medications should be avoided.
Unless contraindicated, a multimodal analgesic regimen that includes scheduled dosing of acetaminophen and nonsteroidal anti-inflammatory drugs can optimize post-delivery analgesia and decrease opioid consumption. Additionally, there may be a role for local anesthetic techniques. The transversus abdominis plane (TAP) block has been shown to reduce pain scores and analgesic consumption in patients who have not received neuraxial morphine. 91 It does not however confer additional, if any, benefit to those who have received neuraxial morphine. It is important to note however that all previous studies used standard preparations of local anesthetics, and it is unclear if liposomal preparations might confer additional benefit in patients receiving neuraxial morphine. Furthermore, while this technique can benefit select patients with post-cesarean pain, it provides coverage for incisional rather than visceral pain and is therefore inferior when compared to neuraxial morphine. Other truncal blocks such as quadratus lumborum and erector spinae plane blocks might provide some visceral analgesia but data are limited in general with no studies specifically conducted in obese parturients. The placement of those truncal blocks might be technically challenging in the morbidly obese parturient who could benefit from their use. 92 The TAP block has also been useful as a rescue for parturients reporting continued incisional pain despite multimodal analgesic therapy. 93 Another option is single infiltration or continuous infusion of local anesthetics in the wound, which could be an attractive option in the obese parturient in whom a truncal block might be challenging. A recent meta-analysis suggested a benefit of those techniques in reducing postoperative analgesic consumption following cesarean delivery, though this was not specifically examined in the morbidly obese parturient. 94 Thromboprophylaxis Venous thromboembolism (VTE) is one of the leading causes of maternal mortality. 95, 96 In the 2000s in the United Kingdom, maternal mortality from VTE declined following better recognition of patient risk factors and increased use of thromboprophylaxis. 13 Obesity is a known risk factor for the development of VTE in both the antepartum and postpartum periods. A 2018 study by Butwick et al demonstrated increased odds of VTE as a function of increasing BMI. They reported an antepartum adjusted odds ratio (95% CI) for VTE of 2.9 (2.2-3.8) and a postpartum odds ratio (95% CI) of 3.6 (2.9-4.6) in obese parturients relative to their nonobese counterparts. 97 Despite the increased risk of VTE in the obese parturient, significant variability exists in the recommendations for prophylaxis between the RCOG, ACOG, and American College of Chest Physicians as seen in Table 3 . Recommendations were also published by the National Partnership for Maternal Safety in 2016, supporting routine VTE risk assessment, with appropriate use of pharmacologic and mechanical thromboprophylaxis. 98 Due to the variability in recommendations from multiple bodies, most institutions have developed their own protocols to provide VTE prophylaxis in this vulnerable patient population.
Summary
• The prevalence of obesity and its associated complications continue to increase • Antepartum anesthetic consultation should be performed to assess comorbidities, counsel patients, plan for care, and optimize patients • Neuraxial anesthesia is recommended for all obese parturients, and in the event of cesarean delivery, a continuous technique is preferred • Postoperative analgesia and thromboprophylaxis are important considerations for the post-delivery period
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